ABSTRACT Background: The main barrier to optimal effect in many established population-based screening programmes against cervical cancer is low participation. In Norway, a routine health service integrated population-based screening programme has been running since 1995, using open invitations and reminders. The aim of this randomised health service study was to pilot scheduled appointments and assess their potential for increased participation.
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Methods: Within the national screening programme, we randomised 1087 women overdue for screening to receive invitations with scheduled appointments (intervention) or the standard open reminders (control). Letters were sent 2-4 weeks before the scheduled appointments at three centres: a midwife clinic, a public healthcare centre and a general practitioner centre. The primary outcome was participation at 6 months of follow-up. Secondary outcomes were participation at 1 and 3 months. Risk ratios (RRs) overall, and stratified by screening centre, age group and previous participation, were calculated using log-binomial regression.
Results: At 6 months, 20% of the 510 women in the control group and 37% of the 526 women in the intervention group had participated in screening, excluding 51 women in total from analysis due to participation just before invitation and therefore not yet visible in the central records. The RR for participation at 6 months was 1.9 (95% CI 1.5 to 2.3). There was no significant heterogeneity between centres or age groups. Participation increased among women both with (RR 1.7; 95% CI 1.4 to 2.1) and without (RR 3.5; 95% CI 1.3 to 9.2) previous participation. The RRs for participation at 1 and 3 months were 4.0 (95% CI 2.6 to 6.2) and 2.7 (95% CI 2.1 to 3.5), respectively.
INTRODUCTION
Low practical, financial and psychological barriers to participation in a population-based setting, together with effective communication, are required for equity of access to screening and the subsequent cancer prevention. Several cervical cancer audits analysing the screening history of women diagnosed with cervical cancer point to the lack of screening being the most important screening programme failure. [1] [2] [3] [4] It is important to acknowledge the voluntary nature of any screening programme, that there are benefits as well as harms and costs involved, and that women should be given the tools and opportunity to make informed decisions about their participation in population-based screening. However, since population-based screening against cervical cancer is an evidence-based and effective method to reduce morbidity and mortality of cervical cancer in the population with a low probability of harm, any logistic, financial and psychological barriers to participation should be minimised.
Strengths and limitations of this study
▪ This randomised pilot on the effect on participation of providing scheduled screening appointments was conducted within the routine screening programme and should therefore accurately represent the actual impact of implementation. ▪ Follow-up of participation status in Norway is highly accurate due to mandatory central registration of all cervical tests. ▪ Significant effects in all age groups and at three study sites strengthen the generalisability of the results. ▪ The pilot was not powered to detect possible outcome differences caused by characteristics of screening delivery itself, such as amount of any own contribution or profession of the sample taker. ▪ Although participation impact was demonstrated in this pilot, feasibility issues remain regarding large-scale implementation of the intervention.
The trend in participation has been negative in several settings, including Norway with the 3.5-year test coverage at 67% in 2014, down from its peak of around 72% in 2004. 5 The European Guidelines for Quality Assurance in cervical cancer screening, with supplements, give advice on how to improve participation through appropriate information to health professionals and targeted women, and by methods of screening delivery that lower thresholds for participation. 6 7 Self-sampling in particular has been extensively tested to this effect in several European programmes. 8 Other interventions or features that may be effective include phone calls, repeated reminders, free screening visits and scheduled appointments with easy rebooking. [9] [10] [11] [12] Significant pooled effects on participation (RR 1.5) of scheduled appointments in cervical cancer screening were reported in a systematic review covering three randomised studies. 9 More recently, a Finnish report compared municipalities using scheduled and open second reminders and found a twofold difference in participation. 13 Other screening programmes have also benefited from scheduled appointments; a non-randomised study from the UK breast cancer screening programme reported participation rates almost three times higher among women receiving timed second reminders. 14 The purpose of the current study was to estimate the benefit, in terms of increased participation, of adding a prescheduled appointment to the current open reminder to participate in the Norwegian screening programme.
METHODS

Setting
The screening programme in Norway targets women aged 25-69 with cytology screening at 3-year intervals. Laboratories are legally obliged to report all cervical screening and diagnostic activity to the Cancer Registry of Norway, where the screening management unit registers the notifications and monitors performance and outcomes. Residents are listed with their chosen general practitioner (GP), who generally takes the screening samples. Some women attend screening at a gynaecologist, and also midwives can take cervical samples, although the proportion is currently marginal. The screening management unit sends open invitations to screen 2 months before a new primary screening test is due. Participating women must make their own appointments for smear taking, achieving a total screening coverage of 67% over 3.5 years. 5 If no screening test is registered within 12 months after the primary invitation, an open reminder is sent, bringing the 5-year coverage of screening to 74% of the target population. The coverage rates are below the 80% benchmark set by the national Quality Manual. 15 
Intervention
In the fall of 2014, 1087 women due to receive their reminder to screen after having failed to participate in the past ∼4 years, and 12 months after having received their primary invitation, were computer randomised 1:1 to receive either the standard open reminder or a reminder letter with a scheduled appointment. A further inclusion criterion was a current address with a postal code designating an area close to one of three participating screening centres. One screening centre was a private midwife and women's health centre employing three midwives experienced in smear taking in Oslo. The second centre was a GPs' centre in Fredrikstad with a GP experienced in smear taking. The third centre was a public healthcare centre in Drammen with a midwife as smear taker having received additional training in cervical sampling by the collaborating midwives from Oslo. In Oslo and Fredrikstad, the women were charged the normal co-payment of 250-295 Norwegian Kroner (∼30 Euros) for smear taking; screening participation was free of charge in Drammen. All centres used either conventional or liquid-based cytology for screening. The reminder letters included information on the charge for screening and the profession of the smear taker.
Letters were mailed 2-4 weeks before the scheduled appointments. Women had limited possibilities to reschedule, as only specific days and time periods were dedicated to the pilot study in the screening centres. The appointments were scheduled primarily during normal office hours. Women were not required to confirm their attendance in advance.
Outcome
The primary outcome in the pilot was defined as participation at 6 months after mailing of reminders. This cut-off was chosen because 6-month participation is reported routinely in the Norwegian screening programme. 5 We also hypothesised that women receiving open reminders might participate with a delay of some weeks compared with women receiving scheduled appointments and that this timing difference should not be reflected in the primary outcome. We also included participation at 1 and 3 months as secondary outcomes. Owing to a certain amount of systematic lag in notification from the screening laboratories and hence central registration, we waited 5 months after the completion of the 6-month follow-up for the last batch of allocated women before extracting the data for analysis. Thus, we can be reasonably certain to have captured all screening tests taken within the follow-up period required for the primary end point.
Power calculation
The 6-month participation rate after the reminder in Norway is around 20%. 5 We assumed that the intervention would increase participation by 10%, in this case to 30%. Detecting such an effect with a 5% significance level and a power of 80% would require 600 invitations randomised 1:1. We included 1087 reminders as this proved logistically possible and in order to have a safety margin and the possibility of stratified analyses.
Statistical methods
The Kaplan-Meier estimator was used to plot the cumulative distribution of participation events after standard and intervention reminders. Log-binomial regression was used to estimate the relative probability (or risk ratio, RR) and absolute increase (or risk difference, RD) of participation at 1, 3 and 6 months following intervention. We also calculated effect estimates stratified by screening centre, previous participation and age at time of intervention. Randomisation and all statistical calculations were carried out in Stata V.14.0 MP by StataCorp, Texas, USA.
Ethical considerations
This project was covered by the legal mandate of the organised population-based cervical cancer screening programme in Norway pursuant to the Cancer Registry Regulations (Regulations of 21 December 2001 number 1477) as a pilot to implement improved screening invitation routines. In addition to the in-house ethicolegal assessment of the protocol in the Cancer Registry of Norway and consultation with the data protection representative at the University Hospital of Oslo, no additional external permissions were required.
RESULTS
We randomised 1087 women due to receive their screening reminders for this health service study. Of these, 815 (74.9%) were from Oslo, 128 (11.8%) from Drammen and 144 (13.2%) from Fredrikstad (figure 1). According to 1:1 individual randomisation within each study site, 544 women were allocated to receive a scheduled appointment for screening in a personal invitation letter, and 543 women were allocated to receive the open reminder according to the standard invitation procedure. During follow-up, a screening test taken 1-3 months before allocation was registered for 51 of the randomised women. There is normally an up to 1 month lag in transfer and central registration of screening test results in the programme, but in some instances the lag can be more. These 51 women were excluded from the main analysis, as they were not eligible for further primary screening at the time of invitation. However, we estimated the main outcome separately also with these women included, as a sensitivity analysis.
The age distribution covered the target ages (25-69) of screening with the exception of women aged 25-26, as they cannot be eligible for a reminder letter according to standard invitation procedures. Age, number of previous tests and time since previous test were similar in the control and intervention arms (table 1) . There were 218 (21%) women never previously screened in the study population.
The slope of the Kaplan-Meier event curve (figure 2) indicates the frequency of participation events over time since mailing of the invitation or open reminder. The very marked difference in cumulative participation between arms in the beginning of follow-up diminished slightly as time progressed. However, plateaus reached at around 300 days are suggestive of a permanent difference in test coverage in the two arms. The 30-day periodicity visible in the participation events is due to a reporting artefact; some laboratories do not yet report the exact date of testing, only the month and year. Figure 1 Study flow chart from randomisation to analysed population by study centre and intervention/control arm. *Owing to a lag in transfer for registration of screening tests in the Cancer Registry, 51 of the women randomised had participated in the past 3 months before allocation and mailing of letters. These women were not eligible for further primary screening and were excluded from the analysis. At 6 months of follow-up, 102 of the 510 (20.0%) controls and 196 of the 526 (37.3%) in the intervention arm had been screened. The difference in participation between arms was significant within each screening centre, age group and regardless of previous participation status (table 2). The RR for participation at 6 months overall was 1.86 (95% CI 1.52 to 2.29). The absolute increase in participation was 17.3% (95% CI 11.9% to 22.7%), corresponding to a number needed to treat (NNT) of 5.8. There was no significant heterogeneity in the effect estimates of the intervention between centres, age groups or previous participation status.
As secondary outcomes, we estimated the RR of participation after receiving a scheduled appointment at 3 and 1 month of follow-up. The estimates were 2.69 (95% CI 2.06 to 3.51) with 61 participation events among 510 controls and 169 among the 526 women in the intervention arm at 3 months, and 4.00 (95% CI 2.58 to 6.21) with 23 events among controls and 95 in the intervention arm at 1 month.
We also estimated the main outcome while including the 51 women with very recent participation before allocation who were excluded in the main analysis. In this sensitivity analysis, the screen at the time of allocation was ignored. There were 105 participation events among the 543 controls and 196 in the intervention arm with 544 women. The RR was 1.86 (95% CI 1.52 to 2.29), which is virtually identical to the main analysis.
In the intervention arm, 66.8% of participating women attended screening as per the scheduled appointment; the remaining 33.2% opted to schedule their own appointment, as is standard in the programme. By logistic regression, there was a difference of borderline significance ( p=0.050) in the proportion of participants choosing to participate as scheduled in Drammen versus Fredrikstad. There was also a higher proportion choosing to accept the scheduled appointment among the participating women aged 55-69 years compared with women aged 27-39 ( p=0.008). The other pairwise differences shown in figure 3 were non-significant.
DISCUSSION
This pilot to implement scheduled appointments to women overdue for their screening test in the Norwegian cervical cancer screening programme demonstrated improvements in participation in all targeted age groups.
Assuming that the absolute increase in the participating proportion observed in this study can be achieved in the entire 33% of women that currently fails to participate either spontaneously or after the first open invitation, the 5-year coverage of screening could increase by 6%, to 80% from the current 74%, by implementing the intervention nationally. This translates to more than 80 000 additional women covered by screening in each 5-year period, or 16 000 women per year. Although not significant, there was a trend for a larger relative impact on participation among women never previously screened. This group is of particular concern, because of a higher than average risk of cervical cancer. 16 
Strengths and limitations
Since the pilot was conducted as a randomised health service study integrated into the routine populationbased screening programme, 17 the results should reflect Figure 2 The cumulative probability of participation in days after mailing of either an invitation with a scheduled screening appointment (blue) or standard open reminder letter (red) with pointwise 95% CIs indicated.
the expected performance of the piloted organisational improvement well. Also, since the central registration of cervical screening tests is universal in Norway, follow-up status with respect to participation is accurate and complete. We also demonstrated significant effects in the different age groups targeted by screening, and at three different study sites, strengthening the generalisability of the results. We did not collect information on losses to follow-up due to emigration or death. This would only be of concern for effect estimates if emigration or death were differential between the randomisation groups.
Since the follow-up time was relatively short, the number of such events should be small, and cannot be expected to influence the results to a significant degree. The study was not powered to detect possible outcome differences caused by characteristics of screening delivery itself, such as cost of participating or profession of the sample taker. Although participation impact was demonstrated in this pilot, feasibility issues remain regarding large-scale implementation of the intervention.
Comparison with other studies Participation in cancer screening is a complex issue and has many determinants. Level of education, marital status, self-assessed health, smoking, factors increasing healthcare contacts for gynaecological issues such as a history of sexually transmitted disease, pregnancies and hormonal replacement therapy are individual characteristics implicated in predicting participation in cervical cancer screening also in Norway. 18 An organised, population-based approach to screening in general is likely to include elements that lower the threshold to participate and improve equity of cancer prevention. 11 19 We have recently reported results of offering selfsampling to a group of women overdue for screening similar to the group offered scheduled appointments in this study. Self-sampling with an opt-out strategy compared with a standard reminder letter increased participation in all targeted age groups to a similar or slightly lower degree (RR 1.44; 95% CI 1.28 to 1.62) than the scheduled appointment intervention reported here. 20 Self-collected samples currently do not allow cytology and are typically analysed for the presence of high-risk human papillomavirus (HPV) DNA requiring an additional clinician-collected sample for further triaging of HPV-positive women in most screening algorithms. In addition, the sensitivity of HPV testing from selfcollected specimens is usually lower than from cliniciancollected samples, 21 although loss of accuracy can be mitigated by correct matching of the collection device and test method. 22 For these reasons, self-sampling cannot currently be recommended as the primary method of screening, but may provide a valuable strategy if offered after adequate efforts to invite the woman to a clinician-collected sample have failed.
A small number of previous studies have been published on the effect of scheduled appointments compared with open invitations. An Australian cervical screening clinic conducted a randomised study in 1995 on the effect of three interventions: tagging of medical records, open invitations or scheduled appointments. 23 Both open invitations and scheduled appointments increased participation compared with no intervention, with a higher point estimate reported for scheduled appointments (2.1 vs 1.7). A large Italian study, also published in 1995, studied the impact of scheduled appointments on participation in a cluster-randomised design and reported an effect corresponding to an RR of 1.6 compared with open invitation. 24 A UK study from 1987 reported results of 240 women randomly assigned a standard open or scheduled invitation with a significant increase in the response rate of 15% from 32% to 47%, corresponding to an RR of 1.5. 25 The effects of the intervention in our study are similar or somewhat larger than these previous findings. More recently, Finnish municipalities using scheduled appointments were reported to achieve a twofold participation after the second reminder compared with municipalities using open reminders. 13 Different settings and time periods may influence the impact of the intervention. However, an important potential explanation for a putative larger effect compared with the previous randomised studies is the selection of the study group; our study included non-respondent women already invited by open letter once in the same screening round 12 months previously. Such selection may decrease the effect of the standard open reminder selectively compared with a scheduled invitation and provide higher relative effect estimates than would be observed in the unselected target population. The overall response rate is also lower after a reminder compared with the primary invitation to screen. Therefore, the effect size reported here may not be directly applicable to the first invitation in the screening round.
Policy implications
Even though participation, and presumably also test coverage in the target population, can be improved by the roll-out of scheduled screening appointments, such an approach would carry some costs. The inclusion of appointments in the reminder letters required close coordination between programme management and screening centres, which may be prohibitively expensive if conducted manually in contact with the thousands of GP and gynaecology practices currently taking smears in Norway. Centralising screening to a smaller number of screening centres, restricting the use of appointments to reminders (not primary invitations) in line with the currently reported pilot, and automating the scheduling system may mitigate costs and logistic complexity of the administration of scheduled appointments. Also, the possibility to easily reschedule the given appointment, especially if realised as a web-based universal solution with appointments outside normal office hours available, should have the potential to both reduce costs and increase the effect of the intervention further. Providing non-solicited appointments to women, a number of whom consequently will not attend, rebook or cancel, is a logistic problem manageable by calculated overbooking and regular monitoring of response rates. These results should also constitute relevant evidence for implementing scheduled appointments in other population-based screening programmes struggling with suboptimal participation, beyond Norway.
CONCLUSION
We have shown that scheduled appointments are effective at increasing participation in the Norwegian screening programme. This is true for all age groups targeted by screening and regardless of previous participation behaviour or type and organisation of the point of contact with sample taking health personnel.
